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SPECIAL NOTES 


1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 


2. API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANU- 
FACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP 
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND 
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS 
UNDER LOCAL, STATE, OR FEDERAL LAWS. 


3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER 
PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET. 


4. NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 
ITY FOR INFRINGEMENT OF LETTERS PATENT. 


5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, REAF- 
FIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS. SOMETIMES A ONE- 
TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS REVIEW 
CYCLE. THIS PUBLICATION WILL NO LONGER BE IN EFFECT FIVE YEARS AF- 
TER ITS PUBLICATION DATE AS AN OPERATIVE API STANDARD OR, WHERE 
AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION. STATUS OF THE 
PUBLICATION CAN BE ASCERTAINED FROM THE API AUTHORING DEPART- 
MENT [TELEPHONE (202) 682-8000). A CATALOG OF API PUBLICATIONS AND 
MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY BY API, 
1220 L STREET, N.W., WASHINGTON, D.C. 20005. 
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API publications may be used by anyone desiring to do so. Every effort has been made 
by the Institute to assure the accuracy and reliability of the data contained in them; however, 
the Institute makes no representation, warranty, or guarantee in connection with this pub- 
lication and hereby expressly disclaims any liability or responsibility for loss or damage re- 
sulting from its use or for the violation of any federal, state, or municipal regulation with 
which this publication may conflict. 

Suggested revisions are invited and should be submitted to Measurement Coordination, 
Industry Services Department, American Petroleum Institute, 1220 L Street, N.W., Wash- 
ington, D.C. 20005. 
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FOREWORD 


The Objectives 


The complete collection of the jointly issued API/ASTM-IP tables of which this 
volume is a part is the result of close cooperation between the American Petroleum 
Institute (API), the Institute of Petroleum (London) (IP), and the American Socie- 
ty for Testing and Materials (ASTM). The overall objective of this effort was to 
meet the worldwide need for a uniform and authoritative publication, based on the 
most accurate information available. This publication serves as a basis for standard- 
ized calculations of measured quantities of petroleum fluids regardless of point of 
origin, destination, or units of measure used by custom or statute. To meet the 
objective of worldwide standardized measurement practices, the American Na- 
tional Standards Institute (ANSI) and the British Standards Institute (BSI) have 
also been closely involved nationally, resulting in the acceptance of the revised 
tables as an American National Standard and as a British Standard. In addition, in 
their respective capacities as Secretariat of the International Organization for Stan- 
dardization TC/28 and of TC/28 SC3, ANSI and BSI have been instrumental in 
progressing the revised tables towards their adoption as an international standard 
by the International Organization for Standardization. 


Historical Notes 


The present collection supersedes all previous editions of the petroleum measure- 
ment Tables ANSI/ASTM D1250, IP200, and API Standard 2540. Action is being 
taken in ISO/TC 28 for the corresponding tables listed in ISO R91 and the tables 
in the addendum to R91 to be superseded by the present revised collection. 

In view of the progress of metrication in countries formerly using the British 
system of weights and measures, demand for the revision of the British edition does 
not justify the considerable work involved. The present edition will therefore be 
withdrawn on the same date as the corresponding metric and American editions are 
published and will not be replaced. 

For the metric edition the new standard covers products with densities in the 
range 610.0 to 1076.0 kg/m?. The tables for densities below this range, covering 
liquefied petroleum gases, have not been revised. 

The original tables, which were developed in the late 1940s, were based on the 
1916 data of Bearce and Peffer (1916) and represent thirty years of evolution. The 
history of this evolution is summarized by Hall et al. (1975). 


Present Development 


Downer and Inkley (1972) demonstrated that the original tables were not satis- 
factory representations of many petroleum fluids of current importance. In 1974 the 
American Petroleum Institute (API) and the United States National Bureau of 
Standards (NBS) initiated a research program funded by the API which intended 
to provide the solid scientific base for the development of more accurate, conse- 
quently more equitable, measurement tables. The result of this program was precise 
density data on 349 different fluids representing a wide variety of refined products 
and 66.8 percent of the world crude production in 1974. The completion of this 
five-year, $500,000 project in March 1979 opened the way for modernizing the 
tables. Using the NBS density data and taking advantage of publications of out- 
standing technical authorities, a Joint API-ASTM Physical Properties Working 
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Group produced this present collection of the Petroleum Measurement Tables. The 
development and results of the work are described by Hankinson et al. (1979). 


Conceptual Departure 


A major conceptual departure from previous versions is inherent in the recogni- 
tion of the present and future position of computers in the petroleum industry. The 
actual Standard represented by this volume and the companion volumes is neither 
the hardcopy printed tables nor the set of equations used to represent the density 
data but is an explicit implementation procedure used to develop computer subrou- 
tines. The standardization of an implementation procedure implies the standardiza- 
tion of the set of mathematical expressions, including calculational sequence and 
round-off procedures, used within the computer code. Absolute adherence to the 
outlined procedures will ensure that all computers and computer codes of the 
future, meeting the stated specifications and restrictions, will be able to produce 
identical results. Hence, the published implementation procedures are the primary 
Standard, the distributed subroutines are the secondary standard, and the published 
tables are produced for convenience. 


Acknowledgments 


The task of completing this project could not have been accomplished without 
many substantial contributions by a considerable number of individuals and compa- 
nies. It is impossible to single out any specific individuals for special mention. 
However, included in the introductory material are lists of the officers of the API’s 
Committee on Petroleum Measurement (COPM), the officers of the Joint API/ 
ASTM Committee on Static Petroleum Measurement (COSM), the major contribu- 
tors from the Institute of Petroleum, and the members of the COSM Physical 
Properties Working Group. 
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PREFACE 


The Petroleum Measurement Tables, Volume Correction Factors (Volumes I 
through X), are, with this edition, incorporated into API’s Manual of Petroleum 
Measurement Standards. These tables form Section 1 of Chapter 11, ‘‘Physical 
Properties Data.” To simplify the transition from the American Society for Testing 
and Materials’ (ASTM) publication of the original tables to API’s publication in 
1980, the original ASTM numerical designations have been retained for the indi- 
vidual tables. 

The numbering system used throughout Volumes I through X corresponds to the 
numbering system of the Manual of Petroleum Measurement Standards. The system 
consists of a series of fields separated by decimal points. The first two fields (11.1) 
indicate chapter and section of the manual; the third field gives the ASTM table 
number. Therefore, although not serial, 11.1.5, 11.1.6, 11.1.23, 11.1.24, 11.1.53, 
and 11.1.54 are the major headings used. All other headings are subordinate to the 
three field headings. 

Volumes I through IX, which are designed for field use, are arranged on a 
functional basis rather than on a topical basis. 


First Series—Vofumes I, II, and II! 

These three volumes contain TABLES 5 and 6, the tables for the °API, °F, 60°F 

base series, plus examples to guide the user. Each volume contains specific data 

as follows: 

Volume I -—Generalized Crude Oils (TABLES 5A and 6A) 

Volume IT —Generalized Products (TABLES 5B and 6B) 

Volume II —Individual and Special Applications (TABLE 6C) and an appen- 
dix describing the equations and constants used and the densities 
and coefficients of thermal expansion of each NBS sample. 


Second Series—Volumes IV, V, and Vi 

These three volumes contain TABLES 23 and 24, the tables for the relative 

density, °F, 60°F base series, plus examples to guide the user. Each volume 

contains specific data as follows: 

Volume IV —Generalized Crude Oils (TABLES 23A and 24A) 

Volume V —Generalized Products (TABLES 23B and 24B) 

Volume VI —Individual and Special Applications (TABLE 24C) and an appen- 
dix describing the equations and constants used and the densities 
and coefficients of thermal expansion of each NBS sample. 


Third Series—Volumes VII, Vill, and IX 


These three volumes contain TABLES 53 and 54, the tables for the kilogram per 
cubic metre, °C, 15°C base series, plus examples to guide the user. Each volume 
contains specific data as follows: 


Volume VII —Generalized Crude Oils (TABLES 53A and 54A) 

Volume VII]—Generalized Products (TABLES 53B and 54B) 

Volume IX Individual and Special Applications (TABLE 54C) and an appen- 
dix describing the equations and constants used and the densities 
and coefficients of thermal expansion for each NBS sample. 


Volume X provides a complete breakdown of the Petroleum Measurement 
Tables, Volume Correction Factors, and references appropriate volumes for the 
location of specific tables. Volume X is the key volume of the entire set and contains 
the actual Standard, the implementation procedures, and the instructions for the 
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use of the computer subroutines. The history and development of the project are 


also included in Volume X under 11.1.6. 
Inquiries concerning the application of the tables or the computer subroutines 


should be addressed to— 
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Measurement Coordination 
1220 L Street, N.W. 
Washington, D.C. 20005 
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Chapter 11—Physical Properties Data 


SECTION 1—VOLUME CORRECTION FACTORS 


11.1.23 TABLES 23A and 23B— 
Correction of Observed Relative 
Density to Relative Density 
60/60°F 


TABLES 23A and 23B give values of relative density 
60/60°F corresponding to the relative density of that 
fluid at temperatures other than 60°F. It is assumed that 
the observed densities are obtained with a glass 
hydrometer. The density measurements at tempera- 
tures other than 60°F require two corrections: the first 
is for the change in volume of the glass hydrometer with 
temperature, the second is for the change in the volume 
of the fluid with temperature. The first correction is 


WL 


8250 .7795 .7585 


necessary because the glass hydrometers are calibrated 
for 60°F. Both corrections are applied in this table. 


The data are represented by two tables to maximize 
accuracy while maintaining convenience of use: 
TABLE 23A Generalized Crude Oils 
TABLE 23B Generalized Products 
(see Volume V) 


The development and intended use of these tables is 
described in 11.1.6 in Volume X. The parameters Ko 
and K, are defined in 11.1.24.7.1 (see Volume VI). 


The limits of these tables are illustrated in Figures 
IV-1 and IV-2. 


Relative Density 
Figure !V-1 — Data Limits for TABLE 23A, Generalized Crude Oils 


WLLL 


°F 200 
150 


Data Range 


ZZ Extrapolated ZZ 


04 0760 8250 .7795 6535 
Relative Density 


Figure iV-2 — Data Limits for TABLE 23B, Generalized Products 


'V-1 
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IV-2 CHaPTeR 11—PuysicaL PRoperties DaTa 


11.1.23.1 TABLE 23A—GENERALIZED CRUDE 
OILS, CORRECTION OF OBSERVED 
RELATIVE DENSITY TO RELATIVE 
DENSITY 60/60°F 


TABLE 23A gives the values of relative density 
60/60°F corresponding to hydrometer readings at ob- 
served temperatures other than 60°F. In converting the 
API hydrometer reading at the observed temperature 
to the corresponding relative density 60/60°F, two cor- 
rections are necessary: the first arises from the change 
in volume of the glass hydrometer with temperature 
(stem correction) and the second from the change in 
volume of the crude oil with temperature. Both have 
been applied in this table. The values of relative den- 
sity 60/60°F in this table are the result of a computer 
procedure which is the Standard (see 11.1.23.2 and 
11.1.23.3 in Volume X). 


The temperature ranges of this table are: 
Relative Density 60/60°F °F 


0.8250 to 1.0760 0 to 300 
0.7795 to 0.8250 0 to 250 
0.6110 to 0.7795 0 to 200 


The values of relative density 60/60°F given in this 
table are based on data from the U.S. National Bureau 
of Standards and from other published data. Portions of 
the density and temperature ranges represent areas 
beyond these data. Thus, mathematical techniques 
were employed to extrapolate beyond the density and 
temperature ranges of the given data to determine the 
value of relative density 60/60°F for these areas. These 
values are denoted by an asterisk (*). Extension of this 
table beyond the ranges shown is not recommended. 

Increments used in this table for determining relative 
density 60/60°F are 0.5°F and 0.0020 relative density. 
Interpolation with temperature is not intended since 
there is no practical method of interpolation that will 
produce the accuracy obtainable from the Standard. 
However, interpolation with relative density to one ad- 
ditional significant digit can be reasonably made. Inter- 
polation is not required if the TABLE 23A results are 
to be used as entries to TABLE 24A. 


This table must be entered with hydrometer 
reading measured with a soft glass hydrometer 
calibrated at 60°F and an observed temperature. 

A correction to the glass hydrometer reading 
has been incorporated into the table to account 
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for the thermal expansion of glass. The hydrom- 
eter constant, as defined in the Report on the De- 
velopment, Construction, Calculation, and Prep- 
aration of the ASTM-IP Petroleum Measurement 
Tables (1960), varies with temperature according 
to the following: 
HYC = 1 — 0.00001278 (t — 60°F) 
— 0.0000000062 (t — 60°F)? 


Example 1 


If the hydrometer reading for a crude oil at 72°F 
indicates a relative density of 0.8170, what is the rela- 
tive density of the crude oil corrected to 60°F? 

Enter the table in the column “Relative Density at 
Observed Temperature,” headed 0.8170. Read down to 
an observed “Temperature” of 72°F. The correspon- 
ding relative density 60/60°F is 0.8219. 


Example 2 


If the hydrometer reading for a crude oil at 50°F 
indicates a relative density of 0.9354, what is the rela- 
tive density of the crude oil corrected to 60°F? 

Round 0.9354 to 0.9350, the nearest 0.002. Since the 
result is to be used as an input to TABLE 244, inter- 
polation is not required. Enter the table in column 
“Relative Density at Observed Temperature,” headed 
G.9350. Read down to an observed “Temperature”’ of 
50°F. The corresponding relative density 60/60°F is 
0.9315. 


Example 3 


If the hydrometer reading for crude oil at 125°F indi- 
cates a relative density of 0.8302, what is the relative 
density of the crude oil corrected to 60°F? 


1. Enter the table in column “Relative Density at Ob- 
served Temperature,” headed 0.8290. Read down to an 
observed “Temperature”’ of 125°F. The corresponding 
relative density 60/60°F is 0.8545. 
2. Likewise note that for a relative density of 0.8310, 
the corresponding relative density 60/60°F is 0.8564. 
3. Interpolate on gravity 

(0.8545 — 0.8564)/(0.8290 — 0.8310) = 0.95 

0.95 * (0.8310 — 0.8302) = 0.00076 


4. Then, the relative density 60/60°F corresponding to 
0.8302 at 125°F is 0.85640 minus 0.00076 or 0.85564. 
(Text continues on page IV-5 following TABLE 23A.) 
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SECTION 1—VoLUME CORRECTION FacToRs V-3 


API/ASTM-IP PETROLEUM MEASUREMENT TABLE 


TABLE 23A, GENERALIZED CRUDE OILS 


RELATIVE DENSITY CORRECTION TO 60 DEGREES F 


(C) COPYRIGHT 1980 
AMERICAN PETROLEUM INSTITUTE 


ALL RIGHTS RESERVED 


THIS TABLE AND THE SUBROUTINE FROM WHICH IT WAS GENERATED 
IS A VOLUNTARY STANDARD AND WAS DEVELOPED UNDER THE 
AUSPICES OF THE JOINT API/ASTM COMMITTEE ON STATIC 
PETROLEUM MEASUREMENT IN PART FROM DATA GENERATED BY A 
PROJECT FUNDED BY THE AMERICAN PETROLEUM INSTITUTE AT THE 
U.S. NATIONAL BUREAU OF STANDARDS, GAITHERSBURG, MARYLAND . 


INQUIRIES CONCERNING ITS APPLICATION SHOULD BE 
ADDRESSED TO: 


AMERICAN PETROLEUM INSTITUTE 
MEASUREMENT COORDINATION 
2101 L STREET, N.W. 
WASHINGTON, DG 20037 


si ke ale ale se ole ole ae ke ole ole oie oe ate ote ate ate ale ate ote ae oe ote ole ote oe me rte ste ole vie a ake ale oe ale ale oe ale ofe ole ole ale ole ye ole oie ak OK te ak oe oe ole ale ole ae 
Me % 
THIS TABLE OR THE MATHEMATICAL RELATIONSHIPS : 
i REPRESENTED THEREBY MAY BE USED BY ANYONE WISHING * 
= TO DO SO, BUT THE AMERICAN PETROLEUM INSTITUTE, * 
= THE AMERICAN SOCIETY FOR TESTING AND MATERIALS, * 


o AND THE INSTITUTE OF PETROLEUM AND THEIR % 
= RESPECTIVE MEMBERS AND THE U.S. NATIONAL BUREAU * 
= OF STANDARDS, SHALL NOT BE HELD RESPONSIBLE OR * 
a LIABLE IN ANY WAY FROM LOSS OR DAMAGE, INCLUDING, eS 
i BUT NOT LIMITED TO, CONSEQUENTIAL DAMAGE, - 
* RESULTING FROM SUCH USAGE OR FOR VIOLATION OF = 
z ANY FEDERAL, STATE OR MUNICIPAL LAWS, REQULATIONS 4 
ah OR PRACTICES OF THE UNITED STATES OR OF ANY eS 


bg FOREIGN COUNTRY. = 
Pd ES 
Be HE SE SE HE Ee ee oe ER SE Re fe ake ge oe oe ae Se ee Te ae ee ae ke le le te ae fe SC ae ae ae ae ae ake oe ie ae ie ae ie ae ae ae ae ae ae ae ae 


THIS TABLE MUST BE ENTERED WITH RELATIVE DENSITIES 
MEASURED WITH A SOFT GLASS HYDROMETER OR PYKNOMETER 
CALIBRATED AT 60 DEGREES F 
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Copyright por American Petroleum Institute 


Mon Feb 07 11:11:59 2005 


API MPMS*11-1 VOL*IV 80 MM O732290 0521196 630 


Gt 


0/”79°O0 OL 0629'0 = ALISNAG JAILV 1S GSAK4ASEO SNWA G3SLV10dVHLXa SALONA «x 

0°St «16E9'O «xtZ69°0 «tGE9°O «t€E9°O «OLEQ'O +«0629'0 «0L429°0 «6729°O «6229°0 +~6029'0 O'SY 
G'yp «6869'0 +«8969°0 «87690 +«8ZE9'0 «8089'C «4829'0 +«4929°0 x«L729°O «40290 «90¢9'0 SPP 
O'rr »9869°0 +9969°0 «GS7E9'0 +«GZ€9°0 «S0€9°0 «S829°0 «7929°0 «¥¥29°O0 «¥ec9'0 «v0c9'0 O'VY 
G’€p «€8E9°0 x€9E9°0 sE7E9°0 «EZE9'O «2089 O «28C9°O «2979°0 «bve9'O «1ee9°O0 »l0¢9'0 Ser 
O'€h x-BE9°O +«0969'O0 «O0”VE9'O +0ZE9'O0 %x00E9'O «6429°O %«6979'O «66290 «8129'O «86190 O'eP 
S'ap «8Z69°O +«89€9'0 «Z8E9°O «LbLE9'O «2629'O «L2429°0 «9929°0 «9€29°O0 «9129°O %«S619°0 GS’ oP 
O'cr «GZE9°O «SSE9'O «S€E9°O «GlE9 O «h6Z9'O «PLZ9°O0 +«€929°0 «£6290 x€129'O +«€619 0 O'eV 
Gi by x«€269°0 «2G69°O0 +26€9°0 «Zb€9'O «26729°O xt429'O «tS79°O0 %«0€29'O «O129'O »%0619'0 SLY 
O'ly +«OZ€9'0 +«0G€9°0 »462€9°0 «60€9'O «6879'0 +«8929'0 «8729°0 +«8229°0 «4029°0 «28190 O'LP 
S°Ovb +«19€9°0 «27690 4«£289°0 «40€9'O0 +9829°0 «9929°0 «S729°O «G229°0 «G0¢9°O «78190 SOP 
0'0b «S9€9'°0 «xtvE9'O 2shZE9'O «vOED'O «€879'O «€929°0 «E¥79°O «2229'0 «20¢9'0 xeB8l9'0 0°OFV 
G°6E «29€9°0 «2vE9°O +«1Z69°O0 «10€9'O «t8Z9°0 «0979°O0 «0¥29°0 +«0229'0 «6619°0 «6219'0 S°6E 
O'6E «6SE9'O «6EE9'O0 x6LE9'O «8629°O «82429°0 +«8529°0 «4029'O «41290 «Z£619'O «92Z19'0 0'6E 
G°SE +«1G€9°0 «9669°O «91€9°0 «9629°O «GL429°O «GS29°0 «GE79°O «¥ELC9O «v619'O «419 0 S°Se 
O'8E x«¥GE9°O «pEE9'O xE1E9°O «€629°O «€479°0 «2S29°0 «2E79°O «bbd9 O «tb619'O xbZb9'O O°8e 
G°LE «bG€9°O «xl€E9°O x«bLE9°'O «0629°0 +0429°0 +0529'0 «6229°0 «6029°0 «8819'O «8919°0 S'LE 
O'LE »«6VE9°O «8ZE9°O %«8069°0 «8829°O0 «L979°O «L4h29'0 «9%29°O «9029'O0 «9819°O0 *S919°0 O'LE 
G°9S «9PE9°O «9ZE9°O %G0€9'°O «G98Z9'O «G979°0 xvH29'O «x¥279°O «€029'0 «E8190 xc9l9°0 S°9E 
O'9€ «PPE9'O «€ZE9°O xf0E9°0 «2829'O «2979°O «xb¥29°O «t%29°O «0029'0 «0819'O «0919°0 O'9€ 
G°S€ xbtPO9'O «0Z2€9°O0 +«006€9'°0 «0829'0 «6529°0 »~«6€29°O «8129°O «8619'O0 «L419'°O %LG19°0 G'GE 
O'SE «@EE9'O «BlLE9'O +«2629'0 «2£229°'0 «9629°0 +19€29°0 «GI29°O «S619°O «GLI9°O «SIO °O O'SE 
Gp »xGEO9'O «Gt€9°O +G6729°0 «#L29°O «7GZ9'0 «€829'O «€129'O «2619°O0 «2L419'O0 «tGl9'O GPE 
O've «£669°0 +«Zt€9°O «26Z9°0 «tLZ29°O «1GZ9'O «b€Z9°O +«O01Z9'O +«0619°O0 «6919°O0 x6F19'0 O°rE 
G'ce »~.O0€69°O «01690 «6829°0 +«6929°0 «8729'O «8229°0 «2029'O «£819°'0 «99190 x9b19°0 See 
O'€e «£ZE9°0 +«20€9°0 «9829°0 +«9929°0 «9729'0 «G27Z29°O0 +«9029°O «b8l19'O0 «~919'O x€vI9 0 O° 
G°ZE «GZE9'O «VOE9'O «8290 «€929'0 «€729°O «2279°O »2029°O 3 «tbB19'O «19IDO x«OFI9'O G' ce 
O'ZE 2«2269°0 «2069'O «1829'0 «1929°0 «0¥Z9°O «07%79°O «6619'O «6219 O x8S19' 0 «8E19 0 O°'Ze 
GLO «6LE9'O +«6629°0 «8229'0 «8929°0 «L€Z9°0 «L4t29'O +9619°0 «9419°O «GSI9 0 »GE19 0 GLE 
O'LE wLLE9°O «9629°O «9£29°0 «$929°O «GE7T9°O «PIZ9'O «V6I9'O «ELID'O xEGI9'O «cel9'O O°LEe 
GOS wxVlE9'O «€629°O0 vE479'0 «€G29°O «ZE79°O «btb29'O «1619'O +«OL19'O +O0GI9'O «62190 g°Oe 
O'OS «bt€9°O «b6Z9'O %O0479°0 %0G29°0 +«6229'0 +«6029°0 +«8819'O «8919°0 «lPl9'O «42190 0°0¢ 

d 4d 09/09 ALISN30 SAILV1Say ONTONOdSAYHOD 4d 
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Copyright por American Petroleum Institute 


Mon Feb 07 11:12:00 2005 


API MPMS¥11-1 VOL*IV 80 MM 0732290 0523199 S77? 


Ot 


OL”P9°0 OL 0629'O = ALISNAG SAILV1SY GSAYSSEO SNIVA GQ3ALV1OdVYLXS SSLONSO « 

0°09 «OZ79°O 3O0S¢79°O «xO8"9°O «OlP9°O «O06E9'O0 «OLE9'O «0GE9'O +«06€9°O «OLED O «0629°0 0°09 
S°6S «2979'0 «2v¥9'O «f2v9°0 «L009'O «28E9'0 +«2969°O «LvE9'O0 «22€9'O0 «20€9'O0 «2829°0 S’'6S 
O°6S «G9P9°O «S¥P9'O «GZ2V9°O0 «S0P9°O «GSB8E9°0 «G9E9°O «SVE9'O0 «GZE9'O0 «GSOE9'O0 «9829°0 0°6S 
S$°8S «2€979°O0 «2V79°O «2279°0 «20790 «28E9'0 «29E9°O «2vpE9'O «22E9°0 «2089°0 «2829'0 $’°8S 
O°8S «09790 «O¥P9'O «02P9°0 «0009°O0 «62E9'0 «6G€9'O «6€69°O0 «6169°0 «6629°0 «62429'°0 0'8S 
S°4G xLGV9°O «LEV9°O «xllv9'O «26€9°O «LLZE9'O «LGE9°O x«L£EE9'O «LILE9'O +«4629'0 «2429°0 Gls 
OLS «¥S79'O xPEPS O «xbhlP9°O «P6E9'O x«PLE9'O «PSE9'O «PEE9'O «PlE9'O «767290 «bse9'O 0°25 
S°9G «@€S79°0 «2879'O xdtv9°O «2669'O0 «2ZLE9°0 «tGE9'O «tEE9'O «lbbE9 O «t6Z9'O0 «bt29'0 $’°9S 
O°9S x6”779°0 «6279°0 +«6079°0 «6869°O0 «69€9°0 «67VE9°O +«6289'0 «60€9°0 «6829'0 +«6929°0 0°9S 
S°SS «L¥09'O +«9279°0 «9079°0 «9869°0 «99€6€9°0 «9VE9'O «92E9'O0 «9069°O +«9879°0 +9929°0 ¢° SS 
OSS x«bPP9'O «72790 «xbPOP9'O «xPB8E9°O «P9E9 O xEPE9'O «EZE9'O «E0E9'O «€8729°0 +«€929°0 0°SS 
S°VS «bVv9°O «bév9°O «lOV9°O «tBE9'O «I9E9 O «bVE9'O «tIZE9'O «bOE9'O «1879°0 +0929°0 S°¥S 
O'VS «6€79°O «6179'O +«86€9°0 «8469°0 «8SE9°0 «8E69°0 «B8lE9'O «8629'0 «8429°0 «8929°0 0'VS 
S°ES «9€79°O0 «9179°0 «9669°0 «9469'O «9SE9°O «SEE9° O «GLE9'O «S9629°O «GS4Z9'0 «¢9929'°0 S’es 
O°EG x€E79'O x€bLV9°O x€6E9°O0 xE4E9'O +«EGE9°O xESE9 O «xELEQ'O +«6629°0 «6229'0 +«2929°0 O'€S 
S°cS «b€v9°O x«xbtv9°O «1!6€9°O0 «O0469'O0 «0SE9'O «OCE9'O «OLE9'O +«0629°0 +«04¢29'0 +0929 °0 G' eG 
OCS «8279°0 «8079'O0 «88E9°0 «89E9°0 «8PE9 0 «LZ2E9°0 «L0E9°O «2829°0 «4929'0 «L¥29°0 0°¢S 
S'S «9279°O0 «SO0V9'O «G98€9'O «+«GS969°O0 «SPE9'O «G289'O0 «GO0E9° 0 «G829°0 «7929'0 «vPZ9'O G°LG 
O'lS x€CV9°O «€079°O xE€8E9°O «Z29E9'O «2@vE9'O +«2269°0 »«20869°0 «28290 «29¢29°0 «eve9'O O'S 
G$°0S »«0¢79°0 »«0079°O0 »«08€9'O0 «09€9°O «O0VE9°O «O0ZE9'O «6629'0 «6429'0 «6929°0 «66729 '0 SOS 
O'OS «8bLV9°O «£669'0 «L4€E9'°O wAGE9'O xLE09°O «ZbO9°O «46090 «9429°O «9929°0 «96¢9°0 0°0S 
S°6v «GtV9°O «G6E9°O «G4E9°0 »«GSE9°O «PEE9'O «PLEQ'O «76790 «PLZ9°O «¥SZ9°0 «€E29'0 S 6P 
O° 6b x«2bV9°O «26E9°O xeLE9°O0 «2SE9°O x2EE9 O «bLbLEQ'O «16Z29°O «ldZ9°O x«1G29°0 «tEZ9'O 0'6Y 
S$°8h »«O0+179'O «O06€9'O «6969'0 «6FE9'O «6ZE9'0 «6069'O0 «68¢09°'0 «8929'0 +«8729'0 +«8229°0 GS 8P 
O'8t «Z07V9°O «28€9'O0 «249€9'O0 xZAPE9'O +«9ZE9'O +9069'O «9829°'0 «99Z29°O «9”29'0 +«9229°0 O' SP 
S'2v) xvOV9'O «v8E9°O «t9E9'O «VVE9'O «¥ZE9'O «E0E9°O +%«€829'0 «€909°'0 «€7729'0 +«€229°0 S'LP 
O Ly «2O0V9'O «28E9°O «t19E9'O «xbVE9'O «xtZE9°O «bLOE9'O +«08Z9'O +«0929'0 «0”29°0 +0229°0 O'LP 
G'9Or xB66E9 0 x6LE9°0O x6SE9'°0O x6£E9°O x8LeE9'O «B86¢9'°0 *82L¢09'°0 *B8S¢09 0 xi€o9 QO *Zb+¢9°0O SOV 
O'9b «xL6E9°0 «94E9'O «9SE9'O0 «9EE9'O «91E9'O «G629°O «G229'0 «G929°O «G€79°O «abvle9'O 0'9P 
S°Sb »«¥6E9'O «PlE9'O «€SE9'O «E8E9°O sELEQ'O «€629°O «2L429'0 «2929'O «26¢9°0 «2129 °0 S'St 
O°St «xb6E9'O «bLE9°O «tGE9°O «bEE9'O «OLE9'O «0629°O +«0229°0 «6729'0 «62729°0 »+6029°0 O'S¥ 

d : 4d 09/09 ALISN3d0 SAILV1SY DSNIGNOdSSYyHOo d 
“dWAt 0279 °0 OS#9'0 oevg'o OLv9'O 06€9'0 04€9°0 ose9 0 Ofe9'0O Oleg 0 06¢9'°0 dW3AL 
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Copyright por American Petroleum Institute 


Mon Feb 07 11:12:00 2005 


API MPMS*11.1 VOL*IV 60 MM O?73c2e290 0521200 019 


Zi 


O479°O0 OL 06¢29°0 = ALISNIG S3AILV1ISYH GSAYgaSdO ANIVA GALVIOdVYLXa SALONAG « 

OSL »xf£¥S9°O «8¢99°0 «8099°0 «8879°O «8979°0 «6779°0 «6279'O0 «6079'0 «6869'O «0/4€69°0 O';GL 
GvL -*«S¥S9°QO «G2969°0 «G0S9°O0 «G8P9'O «9979°0 «9¢779°0 «92~79°0 «9079'0 »«4889'0 «1£9€9'°0 G rl 
O'vL «dVS9°O «22S9°0 «€0G69°0 x€879'O «€979'O0 «EHV9'O0 «hZP9'O «vOb9'O «b8E9'O «=9E9'0O O' rs 
G€L »O09S9°O +0¢299°0 +«0099'0 +0879'O +«1979°0 «lPPO'O «lZp9'O «tOP9'O «1 BE9°O «Z9E9°0 Gel 
O'EL «fES9°O «L1G9°O «L679°O «8279°O «8SP9'O «8EP9'O «81P9°O «66E9°O0 «64E9°0 «6G£69'°0 O'€2 
GL «G€S9°O «GlG9°O «S679°O0 «G2P9°O «GSP9°O0 «9E79°O «9tv¥9'O «9669°0 «9489°0 «9S969'0 God 
OGL »x2G9°O «21G9°O «2679°0 x€L79'O «€SP9'0 «EEV9I'O wELPO'O «6669 0 «hLE9'O0 «¥GE9'O O' el 
StL »«6¢G69°0 «O01S9°O «0679°O0 «O0L¥9'O «0S79°O0 «O0EV9'O xthP9'O «t6GE9'O «xtLZE9'O «1GE9'O GS LL 
O°bL «42G9°O «40G69°0 «4809°O0 =«L909°O «8779'0 «87279'O0 +«8079'O0 «88E9'0 +«8969'0 «@veg9g'O O' bd 
GOL «¥2S99°O0 «¥0GS9°O0 «G8P9°O0 «S979'O «SP79'O «9279'O «G0"9'O «G8E9'O0 «99£9°O «9PE9'0 SOL 
O°OL «20S9°0 «20G69°0 «2879°0 «2@9~9°O x2"v79'O «E2vV9'O «€0”P9'O «E8E9'O «E969'O «PEI 'O 0°02 
G$°69 «6IG9°O +«6679'0 «64¥9°O +«0979'O «OF79'O «0%79'O «0079'O0 +«0869°0 +«0989°0 «lve9'O S' 69 
0°69 «Z£199°O «L609°0 «4L279°O0 «LG79°O «ZEV9'O «xLbv9'O »xZ6€9°O «8Z469°0 «8S969°O0 «8€E9°0 0°69 
$°89 «¥IS9°O «¥6V9°O0 «PL79°O «xPGV9'O «GEV9'O «Glhv9'O «G6E9°O «GZ69°O «GG€9°O0 «gEE9°0 S89 
0°89 «blS9°QO «l6P9°O0 x2279°0 «2€G79°O0 «2EV9'O «2bP9'O «26E9'O «2ZE9'O «€G69°O «€669°0 0°89 
S$°£9 +60S9°O0 «68790 «69790 «x6¢79'O «6279'0 «6079'O «0669'°O0 «0469°0 +«0G969°0 «08€9°0 G29 
0°29 «90G9°O «9879°O0 «9979°0 «L4bb9°O «L427V9'O «L079°O0 «LB8E9'O «49E9°0 «LVE9'O «L2€9°0 0°29 
S'°99 »vOS9'0 «xP8?9 0 xP9b9'O «xvPpg9'O xv¥cv9'O xb¥Ov9'O xbBEO'O xbV9E9'O xGPO9 O *«Goo9 0 G°99 
0°99 +«1OS9°O «18¥9'O «b9V9'O «bvP9°O «t279°0 «2079°O «28E9°0 %«2969'O0 «2vE9'O0 «2289 '0 0°99 
S°S9 «8679°0 «6Z¥9'0 +«6979°0 «x6679°O «6179°0 x«6689'0 +«6Z2€9'0 «6GS€9'O0 «6€€9°0 «61E9°0 g $9 
0°S9 +s9679°0 «9479'0 «9S79°0 «9€79°O0 «9179°0O «9689'O «9469'0 «9989°0 «Z4€€9°O «ZLE9'O 0'S9 
G'v9 »x€6"9'O «x€209'O «xESP9°O «EPO O xwbhly9'O «b6E9°O xbvLE9'O «bGSE9'O -xbPEE9'O «xbvlLE9'O g'P9 
O'7V9 «b6V9°O «bLLP9°O «xblSr9°O «lLEvV9°O «btl¥9'O «l6E9'O «llE9'O «1GE9'O «LEE9'O «LLEQ'O 0' 9 
GS°€9 +8879°0 «8979'0 «8779°0 «8279°O «80'9'0 «8869'O «89€9'O «6~vO9'O +«6289°O +«6089°0 Ss’ ¢9 
O'€9 «98¢9'O +«9979'0 «9779'O +«9279°0 +«9079'0 «98E9'°O0 +«99€9'0 +«97O9°0 +«9ZE9°O ~90E9°0 0'€9 
G29 x€8¢9°O »«€909'O0 «EPP9'O «E279°O «£0790 «EBE9'O «E9E9'O «EPE9'O «EZE9'O «EOE9'O S29 
0°c9 +«O0879°O +«0979'O0 «0%09°O «0279'0 «0079'0 «t8E9°O «b9E9'O «lvE9'O «bZE9°O «-OED'O 0°29 
GLO «82P9°O «8S79°0 «8EP9'O «BlP9°O «8689'0 «84E9°O +s8S569°O «8E89'O «8189°0 »~8629°0 G19 
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SECTION 1—VOLUME CORRECTION FACTORS 


11.1.24 TABLES 24A, 24B, and 24C— 
Correction of Volume to 60°F 
Against Relative Density 60/60°F 
and Thermal Expansion 
Coefficients 


TABLES 24A, 24B, and 24C give the factors for 
converting liquid petroleum volumes measured at ob- 
served temperatures to the corresponding volumes at 
60°F. 

The data are presented in three tables to maximize 
accuracy while maintaining convenience of use: 

TABLE 24A Generalized Crude Oils 
TABLE 24B Generalized Products 
(see Volume V) 


8250 .7795 .7585 


V-5 


TABLE 24C Volume Correction Factors for 
Individual and Special 
Applications 
(see Volume VJ). 

TABLES 24A and 24B use relative density 60/60°F to 
obtain volume correction factors. TABLE 24C uses ex- 
perimentally determined thermal expansion coeffi- 
cients to obtain volume correction factors. 

The development and intended use of these tables is 
described in 11.1.6 in Volume X. The parameters Ko 
and K, may be found in 11.1.24.7 (see Volume VI). 

The limits of these tables are illustrated in Figures 
IV-3, IV-4, and IV-5. 


TE ZZ) 


6110 


Relative Density 
Figure IV-3 — Data Limits for TABLE 24A, Generalized Crude Oils 


LZ 


°F 150 
Data Range 


9 +0760 


ZZ Extrapolated 2-4 


-6535 


7795 


-8250 


Relative Density 


Figure V4 — Data Limits for TABLE 24B, Generalized Products 
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IV-6 CuHapter 11—Prysicat Properties Data 


300 
250 

Temp 
oF 150 


Data Range 


0 


270 510 


530 930 


Thermal Expansion Coefficient x 10° (°F-') 
Figure 1V-5 — Data Limits for TABLE 24C, Volume Correction Factors for Individual and Special Applications 


11.1.24.1 TABLE 24A—Generalized Crude Oils, 
Correction of Volume to 60°F Against 
Relative Density 60/60°F 


This table gives volume correction factors converting 
crude oil volumes observed at temperatures other than 
60°F to corresponding volumes at 60°F. 

The volume correction factors given in this table are 
the result of a computer procedure which is the Stan- 
dard (see 11.1.24.2 and 11.1.24.3 in Volume X). All of 
these volumes are at saturation conditions. Pressure 
corrections from saturation are not included. 


The temperature ranges of this table are: 
Relative Density 60/60°F °F 


0.8250 to 1.0760 0 to 300 
0.7795 to 0.8250 0 to 250 
0.6110 to 0.7795 0 to 200 


The volume correction factors given in this table are 
based on data from the U.S. National Bureau of Stan- 
dards and from other published data. Portions of the 
relative density and temperature ranges represent areas 
beyond these data. Thus, mathematical techniques 
were employed to extrapolate beyond the relative den- 
sity and temperature ranges of the given data to deter- 
mine the volume correction factors for these areas. 
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These factors are denoted by an asterisk (*). Extension 
of this table beyond the ranges shown is not recom- 
mended. 

Increments used in this table for determining volume 
correction factors are 0.5°F and 0.0020 relative density. 
Interpolation between either temperature or relative 
density is not intended since there is no practical 
method of interpolation that will produce the accuracy 
obtainable from the Standard. 


This table must be entered with a known rela- 
tive density 60/60°F and with an observed tem- 
perature. 


Example 1 


225 000 barrels of crude oil measured at 46°F has a 
relative density 60/60°F of 0.8500. What is the net vol- 
ume at 60°F? 

Enter the table in the column ‘Relative Density 
60/60°F ,”” headed 0.8500 relative density. Read down to 
an observed ‘““Temperature” of 46°F. The volume cor- 
rection factor is 1.0062. The net volume at 60°F is 


225 000 * 1.0062 = 226 395.0 
Or 
226 395 net barrels of crude oil. 
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SECTION 1—VOLUME CORRECTION FACTORS 1V-7 


API/ASTM-IP PETROLEUM MEASUREMENT TABLE 
TABLE 24A, GENERALIZED CRUDE OILS 


VOLUME CORRECTION TO 60 DEGREES F 


(C) COPYRIGHT 1980 
AMERICAN PETROLEUM INSTITUTE 


ALL RIGHTS RESERVED 


THIS TABLE AND THE SUBROUTINE FROM WHICH IT WAS GENERATED 
IS A VOLUNTARY STANDARD AND WAS DEVELOPED UNDER THE 
AUSPICES OF THE JOINT API/ASTM COMMITTEE ON STATIC 
PETROLEUM MEASUREMENT IN PART FROM DATA GENERATED BY A 
PROJECT FUNDED BY THE AMERICAN PETROLEUM INSTITUTE AT THE 
U.S. NATIONAL BUREAU OF STANDARDS, GAITHERSBURG, MARYLAND. 


INQUIRIES CONCERNING ITS APPLICATION SHOULD BE 
ADDRESSED TO: 


AMERICAN PETROLEUM INSTITUTE 
MEASUREMENT COORDINATION 
2101 L STREET, N.W. 
WASHINGTON, DC 20037 


she eo ak fe ae ois ote aie le oe ale oie ak oft ole aie oie ole ok ale ole ae ale oe aie ale ale le aie oie He tle ole aie oe ole ate aie aie oie aig sis ofe ale ale ok ak ale ole oft ale oft ale afe ole ole ole 


= THIS TABLE OR THE MATHEMATICAL RELATIONSHIPS 

e REPRESENTED THEREBY MAY BE USED BY ANYONE WISHING 

= TO DO SO, BUT THE AMERICAN PETROLEUM INSTITUTE, 

be THE AMERICAN SOCIETY FOR TESTING AND MATERIALS, 

rs AND THE INSTITUTE OF PETROLEUM AND THEIR a 

i RESPECTIVE MEMBERS AND THE U.S. NATIONAL BUREAU . 

* OF STANDARDS, SHALL NOT BE HELD RESPONSIBLE OR - 
LIABLE IN ANY WAY FROM LOSS OR DAMAGE, INCLUDING, : 
BUT NOT LIMITED TO, CONSEQUENTIAL DAMAGE , iS 

* RESULTING FROM SUCH USAGE OR FOR VIOLATION OF eS 

= ANY FEDERAL, STATE OR MUNICIPAL LAWS, REGULATIONS ms 

id OR PRACTICES OF THE UNITED STATES OR OF ANY a 
FOREIGN COUNTRY. i 

ae ake ale ole aie ole ais ate ole ake ole ale ke ole ale ae ale ale ae ale ale ale fe ale ale ale afe fe ole ale ake ale ate ate ale afe ale ake ale ale a ale of at ole ot oie alt ole okt He oie okt oie le aie ak 

THE THERMAL EXPANSION PROPERTIES (VOLUME CORRECTION 

FACTORS , VCFS) FOR PRODUCTS (EXCLUDING LUBE STOCKS) 

AND CRUDES ARE CORRELATED IN TWO SEPARATE, GENERALIZED 

TABLES AS A FUNCTION OF TEMPERATURE AND RELATIVE 

DENSITY 60/60 F. THE PREDICTED PRECISION AT $5 PERCENT 

CONFIDENCE IS: 


VCF PRECISION AT 95 PERCENT CONFIDENCE, PERCENT 


TEMPERATURE 100F 150F 200F 250F 
CRUDES ,PRODUCTS 0.05 0.15 0.25 0.35 


IF THIS PRECISION IS UNACCEPTABLE ,IT IS RECOMMENDED 
THAT THE ACTUAL THERMAL EXPANSION PROPERTIES OF THE 
SUBSTANCE BE MEASURED AND THE VCF BE DETERMINED USING 
TABLE 24C WITH EITHER K OR ALPHA VALUES DERIVED FROM THE 
MEASURED DATA. THE INSTRUCTIONS FOR THIS PROCEDURE 

ARE GIVEN IN TABLE 24C. 
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API MPMS*11-1 VOL*IV 80 MM 0732290 O52204b 245 


Order No. 852-27045 


1-1700—8/80—1600 
4-01102—11/93— 05C( } 


1-01102—11/93— 1 (3E) 
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